INTRODUCTION
South Africa is one of the countries most impacted by HIV, with a generalized epidemic and an HIV prevalence of 17.9% among 15-49 year olds. 1 In KwaZulu-Natal province, recent estimates indicate an HIV prevalence of 39.5% among women seeking antenatal care. 2 Improved and earlier access to HIV treatment are facilitating a reduced HIV burden, 3 but complicating issues hinder progress in this context. 4 These include low HIV testing rates, especially for men, 5 and low rates of HIV serostatus disclosure. 6 Most HIV infections in sub-Saharan Africa (SSA) occur among heterosexual primary partnerships. 7 Therefore, couples-based approaches have been recommended as a way to leverage partner influence. 8 However, factors such as low marriage rates and infrequent cohabitation 9 (a result of employment-related migration) render unique challenges for couples-based approaches.
Efforts to increase HIV testing have paid less attention to innovative strategies that may combat barriers to uptake. Among a myriad of challenges (eg, low HIV testing and disclosure), couples HIV testing and counseling (CHTC) has been recommended by the World Health Organization, given its several benefits, including being: (1) an entrée into ART initiation, (2) a springboard for primary and secondary HIV prevention efforts, (3) an opportunity for adoption of safer conception strategies, and (4) a means of strengthening and enhancing positive relationship dynamics and support between partners. 10 CHTC entails simultaneous HIV testing for partners and facilitated mutual disclosure. Previous research has found that CHTC promotes sexual risk reduction, especially among serodiscordant partnerships. [11] [12] [13] However, despite its benefits, uptake of CHTC has remained low across multiple contexts in SSA and specifically in South Africa.
Although CHTC itself addresses aspects of relationships such as communication, few couples-based interventions in SSA have focused on the role of other relationship dynamics such as satisfaction, intimacy, or gender-based power. The direction of influence of these dynamics on behaviors such as sexual risk behavior, HIV serostatus disclosure, and HIV testing has been inconsistent. [14] [15] [16] However, couples-based studies in SSA have illustrated the importance of relationship dynamics, including trust and commitment, 17 and identified the crucial role that partners can play in the context of HIV. Therefore, there is a need for interventions that target couples, increase uptake of CHTC, and examine the role of relationship dynamics on HIV testing and sexual risk behavior. Thus, the aim of our study was to test the efficacy of a behavioral couples-based RCT to increase CHTC in an area of high HIV prevalence. Based on our prior work and that of others, we also investigated whether the intervention would reduce sexual risk behavior. 14, 15 Our hypothesis was that the intervention would lead to increases in CHTC and declines in sexual risk behavior.
METHODS

Study Design
Our intervention, Uthando Lwethu ("Our Love" in isiZulu), was evaluated through an RCT (Fig. 1) , conducted in rural KwaZulu-Natal, South Africa.
The intervention was conducted with the understanding and consent of each participant. Ethical approval was obtained through the Committee on Human Research of the University of California, San Francisco, the Research Ethics Committee of the Human Sciences Research Council in South Africa, and London School of Hygiene and Tropical Medicine, United Kingdom. The study protocol is available at: htttp://www.clinicaltrials.gov. Additional details on procedures and intervention have been published previously. 18 
Participants
Inclusion criteria specified couples aged between 18 and 50 years, whose relationship was at least 6 months, were not in a polygamous marriage, and both partners indicated each other as their primary partner to whom they were committed and with whom they had sexual relations. Given the primary outcome of CHTC, couples were ineligible if they had previously tested together for HIV. Couples were ineligible if both partners had mutually disclosed their HIV status, as they likely had sufficient relationship and/or communication skills to achieve our study objective (mutual disclosure through CHTC). The intervention was not appropriate for couples experiencing current intimate partner violence (IPV), but we did not exclude couples for history of IPV because this would limit generalizability. Rather, we excluded and provided referrals for couples reporting current or recent severe violence (physical or sexual violence in the prior 6 months).
Procedures Recruitment
Participants were recruited between March 16, 2012, and August 24, 2014, by trained recruiters using active and passive strategies. Active strategies included approaching couples in public areas such as markets, taxi ranks, and community events. Recruiters worked in male-female teams because we found in prior research that couples respond well to mixed-gender teams. 18 Passive strategies included posting flyers. All recruitment activities were conducted using a mobile caravan with 2 private rooms, in which partners could be interviewed separately. The caravans facilitated a wide geographic catchment area, and were used for recruitment, screening, conducting baseline and follow-up surveys, and delivering intervention sessions.
After providing verbal consent, each partner completed a short initial screening, assessing key eligibility criteria (relationship length, age, sexually active, and polygamous marriage). This could be conducted by phone or in-person. If both partners (screened separately) were eligible, then a secondary screening occurred, which included written informed consent, either immediately after initial screening or at a later time. The secondary screening determined final eligibility, including history of IPV and mutual HIV serostatus disclosure. After completion of secondary screening, eligible couples were invited to enroll, and after completing informed consent, completed a baseline survey. Couples who remained eligible after the baseline survey attended the next scheduled first group session, with a target of 20 couples per session.
Randomization
Couples were randomized at the completion of the first group session. The control condition only received the first group session and participated in subsequent follow-up assessments. Intervention couples received an additional group session and 4 couples' counseling sessions. Randomization was conducted at the couple level, using permutedblock randomization of 3 different block sizes, 8, 10, and 12, to blind staff as well as participants to the next assignment. Allocation concealment was achieved by opaque envelopes.
The random sequence was generated by the study statistician (N.M.M.), who prepared the envelopes in their entirety at the beginning of the study. Randomization was conducted by the project director (T.N.) with assistance from study staff.
Due to the nature of the intervention, masking was not possible. Therefore, neither the staff nor the participants were unaware of group assignment. However, assessment interviewers were separate staff from couples' counselors and group facilitators.
covering local resources and referrals were provided. Occurring 1 week later, session 2 was delivered to intervention couples in single-gender groups contemporaneously. This was a smaller group of 6-10 couples, led by a gendermatched facilitator and lasted approximately 4 hours. Topics covered included relationship dynamics and their influence on risk of HIV, IPV, and gender-based power. Communication skills were provided in the form of the "speaker-listener FIGURE 1. Consort diagram for Uthando Lwethu. *Couples were eligible after completing baseline but did not show up to first group session where randomization took place, thus were not enrolled. Efforts were made to follow-up after missed session to enroll in subsequent sessions. **Number reflects some couples who missed the 3-month follow-up but completed the 6-and/or 9-month follow-up.
technique," adapted from the PREP couples relationship program and validated previously in a black South African population. 15, 19 Sessions 3-6 were 2-hour couples' counseling sessions, provided by one counselor to individual couples. These sessions were delivered in the study caravan to ensure privacy. The 4 sessions follow a sequence related to a couple's identified specific HIV-related goal. A standardized set of exercises and skills were provided, aimed to improve the couples' ability to solve problems, improve communication, and enhance their relationship. At the final session, the counselor reviewed the couples' progress in meeting goals, discussed any potentially challenging upcoming events, reviewed strategies to cope with them, and discussed community resources and support from their families and friends. Couples assigned to the control condition were eligible to participate in a condensed form of the couples counseling sessions after the completion of their participation (9-month follow-up).
All couples (intervention and control) were informed of the benefits of CHTC, and all couples received monthly text reminders to participate in CHTC and the location of the mobile study caravan that provided CHTC.
Assessments
Follow-up assessments were conducted at 3, 6, and 9 months after randomization. The surveys contained several standardized scales assessing relationship functioning, sexual behavior, and demographic information, and mirrored the baseline assessment. The survey was administered through a face-to-face interview with a gender-matched interviewer using mobile phone software Mobenzi Researcher (Durban, South Africa). The survey took approximately 45 minutes to 1 hour to complete. Couples completed their surveys separately but simultaneously.
The primary outcomes were participation in CHTC and unprotected sex. This was determined by the couple participating in CHTC with our study staff (a testing counselor separate from assessment and intervention staff). Each episode of CHTC was documented by study records, including the results of each partners' HIV test. We hypothesized that the proportion of participants who participated in CHTC by 9-month follow-up would be higher in the intervention group than in the control group. We also hypothesized that the time to participation in CHTC would be shorter in the intervention group relative to the control group. For sexual risk behavior, we hypothesized that intervention participants would report fewer acts of unprotected sexual intercourse with primary sex partners relative to the control group.
Statistical Analysis
For primary analysis examining whether the intervention was successful in terms of couples participating in CHTC by the final follow-up assessment, our initial power analysis assumed 700 participants/350 couples at baseline. However, this recruitment target assumed an attrition rate of 20% due to breakups and 10% due to other causes, anticipating a final proposed sample size of 490 individuals/245 couples still in follow-up at 9 months. We computed the minimal detectable odds ratio on an assumption of low prevalence of CHTC (10%) and a medium prevalence of CHTC (30%). For these scenarios, the resulting standardized effect size metrics were between a small (h = 0.20) and medium (h = 0.50) standardized effect size.
The analyses followed an intent-to-treat approach. First, we compared the proportion of couples that had participated in CHTC by 9 months between the 2 arms. A logrank test was used for a time-to-event analysis across the 2 groups. For the outcome of unprotected sex acts with the enrolled partner in the past 3 months, a negative binomial regression model accounting for couple clustering was used, with an offset for the number of sex acts with partner in the past 3 months. We originally intended to examine numbers of outside sexual partners as an outcome; however, too few occurrences of this outcome precluded this analysis (at baseline 5% of men and 0.2% of women reported any outside sexual partners in the previous 3 months).
Stata v13 was used for all analyses. The study was overseen by a Data Safety and Monitoring Board made up of behavioral scientists and a statistician from the United States and South Africa. The trial was registered in the United States through the clinicaltrials.gov website (http://www.clinicaltrials.gov) (NCT01953133).
RESULTS
After screening 1202 individuals, there were 534 individuals who were either excluded (n = 264) or did not participate although they were eligible at screening or baseline (n = 270). Most exclusions were due to already participating in CHTC (33%) or due to insufficient length of partnership (22%). We randomized 334 couples (168 couples to intervention and 166 to control). Two couples retrospectively were found to have already mutually disclosed and thus were ineligible for the study. During follow-up, 6 couples broke up and 16 couples were lost to follow-up, although our attrition was much lower than assumed for sample size calculations. Retention across groups at 9-month follow-up was 93%. Please see Figure 1 for the trial profile with additional details. Baseline characteristics of the sample are included in Table 1 . We checked that baseline characteristics were balanced across the 2 groups. At the couple level, all characteristics were balanced. At the individual level, individuals in the control group were more likely to be married (23% vs. 20%) and slightly older (median 27 vs. 26 years) than individuals in the intervention arm.
Completion rate for the intervention sessions was 83% for all 4 sessions, and 92% of couples attended partial intervention sessions (1-3 sessions) (Fig. 1) .
Intent-to-treat analysis included 332 couples and showed that intervention couples were more likely to participate in CHTC than in control couples [42% vs. 12% (P # 0.0001)]. There was also a significantly shorter time to participate in CHTC for intervention couples (logrank P # 0.0001) (Fig. 2) .
Of the intervention couples that participated in CHTC, 46% were concordant HIV-negative, 30% were concordant HIV-positive, and 24% were serodiscordant. The female partner was HIV-positive in 12/17 discordant couples. For control couples, 55% were concordant HIV-negative, 30% were concordant HIV-positive, and 15% were serodiscordant. The female partner was HIV-positive in 1 of 3 discordant couples. By group, 59% of those who tested HIV-positive in the intervention arm and 40% of those who tested in the control arm were new HIV diagnoses (P = 0.18) ( Table 2) . For unprotected sex, the group-by-time interaction was not significant in the model overall (P = 0.08), but there was a significant reduction in unprotected sex with primary partners for intervention couples at 3-month follow-up (incidence rate ratio = 0.74, P # 0.022).
One adverse event occurred during the course of the trial; a couple broke up and the male partner attributed their breakup to trial participation although the female partner did not.
DISCUSSION
Our study demonstrated the efficacy of a relationshipfocused, couples-based intervention on participation in CHTC as compared to control. The hypotheses were supported as the intervention successfully promoted CHTC, and a rapid uptake of this service. At baseline, almost 40% of the participants had never tested for HIV-in an area of high HIV prevalence. Furthermore, most of the participating couples had not disclosed the results of any prior HIV test to their study partner at baseline. Both findings indicate that the study reached a population in need of intervention. High retention rates for both intervention activities and follow-up assessments in a sample of couples with low rates of cohabitation indicate that a couples-focused approach is feasible even with nonmarried and noncohabitating couples.
Findings support and extend recent studies with couples from similar contexts. First, we focused on improving relationship quality and included communication skills to improve partners' abilities to discuss HIV. Discussions between partners about CHTC increased likelihood of participating in CHTC among couples in rural Uganda. 20 Similarly, Matovu et al 21 reported that motivations for CHTC were relationship focused (eg, wanting to increase trust) and recommended that efforts to increase uptake of CHTC similarly engage couples. Second, a couples-based approach facilitates engaging male partners-often a challenge in the SSA context. For example, men may perceive health care clinics as aversive and avoid attending them with their female partners 22 -targeting couples may address this problem. Similar efforts have focused on improving uptake of CHTC by pregnant women and their partners. 23 Finally, the findings mirror the results of a meta-analysis of HIV-related interventions that compared interventions delivered to couples to those delivered to individuals. 24 There was a significant effect for HIV testing given to couples, and the authors emphasized the positive repercussions of CHTC to facilitate mutual serostatus disclosure and as a potential entrée into HIV Findings for unprotected sex were not significant at final follow-up, and the reductions at first follow-up reflect a common finding of dissipating effects in behavioral prevention trials. 25 Prior recommendations include providing booster sessions to promote continued behavioral risk reduction. Our high retention suggests that couples may be willing to attend additional sessions. Nonetheless, the significant reduction at 3 months after intervention indicates that the intervention also positively impacted unprotected sex in the short term, in addition to its impact on CHTC.
To the best of our knowledge, this is one of the first interventions to use CHTC as its outcome. By comparison, the CHTC intervention of Matovu et al 26 only included married or cohabiting couples. CHTC has been praised for its ability to reduce sexual risk behavior and improve disclosure and thus touted as a high-leverage intervention 27 ; yet, uptake has been relatively low, even in areas where it is widely available. 28 Thus, this intervention represents a step forward in improving uptake. Our outcome measure (CHTC) was conducted and verified by our team, as opposed to being by self-report. Furthermore, our intervention was implemented by members of the local community in conditions reflective of local resources, thereby supporting subsequent implementation. 29 One factor that suggests feasibility for implementation in communities that could benefit from increased HIV testing and linkage to care was the identification and training of lay couples' counselors from the communities themselves. The utilization of lay counselors [who typically did not have advanced degrees, but rather had the equivalent of a highschool education ("matric")], coupled with manualized training increases the feasibility of eventual scale-up for use by community-based organizations or health programs aiming to work with couples. Future efforts should examine whether efficacy translates into effectiveness in nonresearch settings.
There are some limitations to the results. The intervention and control groups were not time-and attention-matched; intervention couples were exposed to more sessions than control couples. However, this design decision was based on the absence of any comparable "standard of care" pertaining to couples-based services, while balancing the need to provide participants pertinent and helpful information regarding HIV and other health-related issues. The sexual behavior outcome was based on self-report, and thus subject to social desirability and reporting bias. But, this bias is likely the same across arms, therefore only impacting the overall levels of reported unprotected sex. The trial was conducted in a rural community with high migration, high unemployment, and low marriage rates that could affect generalizability to other contexts. Nonetheless, this contrasts to other couples-based studies as most studies of CHTC retain samples recruited from HIV clinics, as opposed to community-based settings. Reported IPV rates were low, which is in contrast to other reports from South Africa: figures range from 23% in the Eastern Cape (as defined by more than one episode of physical or sexual IPV) 30 to 19.6% of HIV-positive pregnant women reporting physical IPV in Mpumalanga. 31 Although this could limit generalizability to broader samples of couples (eg, casual partners), few studies have examined violence among committed couples; rather, most focus on women's reports outside of a primary relationship. 30 Even less is known about rates of violence among committed partnerships. It is likely that the study attracted couples with positive relationship dynamics, as they represent those couples most likely to want to participate in a couples-based intervention, indicating a possible selection bias, potentially limiting generalizability. Future research should focus on relationshipbased interventions for couples coping with violence to improve their ability to participate in CHTC.
CHTC facilitates mutual disclosure, fosters sexual risk reduction, and is a vehicle for treatment referral and engagement for those who test HIV-positive. These findings provide evidence for the feasibility, acceptability, and efficacy of a couples-based program aimed to increase participation in CHTC among nontraditional couples that have high rates of nondisclosure and low rates of HIV testing. This intervention could serve as the foundation for future preventive behavior, as Delavande et al 32 reported that among a sample of serodiscordant couples, repeat HIV testing did not improve seroconversion outcomes, thereby suggesting that one-time testing can be sufficient. Efforts to increase availability of CHTC in urban (17) settings in South Africa have been successful, 33 demonstrating that demand for CHTC is not limited to rural settings. In addition, even as strategies for alternative modes of HIV testing increase (eg, self-testing), similar barriers remain regarding partners testing together and disclosing. For example, findings from a community-level HIV self-testing intervention in Malawi found relatively low rates of partners testing together, and described long-standing barriers to testing togetherincluding fear of an HIV-positive result, wanting to avoid disclosing any infidelity/outside partners, poor communication, and lack of trust. 34 Overcoming these relationship-based barriers was a focus of the Uthando Lwethu intervention.
Although general assessments of rates of HIV testing in South Africa have shown increases in numbers of individuals tested for HIV, significant issues remain. Even when tested for HIV, rates of disclosure are low, and we enrolled a significant number of never-tested individuals in a high HIV prevalence area. When considering the World Health Organization guidelines of immediate treatment on diagnosis of HIV, the benefits of participating in CHTC are exponentially increased and underscore the need for increasing its uptake and availability. However, choosing to engage in CHTC can be challenging for couples, and we investigated the utility of influencing the decision-making process by improving communication skills and relationship quality. The results demonstrate that this approach produced increased mutual disclosure of serostatus for heterosexual couples at increased risk of HIV and could exert a significant impact on public health outcomes in a community substantially burdened by HIV.
